4), anticholinergic
agents (3, (5) (6) (7) , neuromuscular blocking agents (8, 10, 12) , local anes thetics (7) (8) (9) (10) , some vitamins (8, 13) , central depressants (6, (14) (15) (16) , tranquilizers (6, 17) and some drugs belonging to other groups have been studied as to the protective pro perties from nicotine-induced convulsions and death. It is, however, difficult to draw
an ultimate conclusion what the best antidote to nicotine is and how these drugs anta gonize the actions of nicotine.
Yamamoto and coworkers have reported the pharmacological studies on nicotine from the standpoints of toxicology and metabolism (18) (19) (20) (21) (22) (23) (24) and have demonstrated that thia mine was an interesting antagonist to nicotine, because of the inhibition to nicotine induced convulsions and death, antidiuretic action and ganglion stimulating action etc.
(24).
The present experiment was intended to perform a statistical analysis to the ant agonistic effects of various drugs on nicotine-induced convulsions and death in mice.
METHODS

1) Acute symptoms due to nicotine
Eight to 12 NA2 adult mice of both sexes, weighing 12 to 16 g were used in a group .
Twelve graded doses of nicotine diluted with deionized water in the rate of 0.2 ml per 10 g of body weight were administered intraperitoneally. Observation was made for 24 hours after nicotine administration. The convulsions induced by nicotine were ob servingly divided into three patterns : tremor, clonic convulsion and tonic convulsion.
Effective close and mean slope function to each convulsive response including those to nicotine-induced death were calculated from the regression lines of dose-response curves by means of Litchfield-Wilcoxon method (25) , and effective coefficients (LD50/EDSO) were also indicated.
All the experiments were performed at 18 to 20 C .
2) Inhibitory effects o f various drugs on nicotine-induced convulsions and death
Antagonistic actions of various compounds on nicotine-induced convulsions and death were comparatively examined. Nicotine in dose of 8 .4 mg/kg, equivalent to ED,,, for clonic convulsion was used for the observation of tremor and clonic convulsion and the LD90 (17 mg/kg) for tonic convulsion and death. Preliminary experiment was carried out to determine the preadministration time to nicotine injection after the drug admi nistration, in the dose which showed the strongest inhibitory action to nicotine-induced death. The preadminstration times obtained were illustrated in Table 1 The first phase was the excitatory phase of short duration in which spontaneous movement, tremor, clonic convulsion and tonic con vulsion were predominantly observable, and the second phase was the subsequent para lytic one of relatively long lasting, in which sedative state and paralysis of the rear ex tremities were dominant. Tonic convulsion was usually followed by the death, and there
fore the values of EDa0j ED90 and slope functions for tonic convulsion and for death were regarded as same ( Fig. 1 and Table 2 ).
2) Inhibitory effects of various drugs on nicotine-induced convulsions and death A) Inhibition against nicotine-induced death a) Inhibitory action of reserpine on nicotine-induced death Preliminary experiment was conducted to determine the most effective preadminist ration period of reserpine. The LD90 of nicotine was administered to the animals which received the graded doses of reserpine 1, 4, 18 and 42 hours before respectively. As shown in Table 3 , nicotine The results obtained were shown in Figs. 2 to 6, and Table 4 . Reserpine , perphena zinc, chlorpromazine and other phenothiazine derivatives , phenobarbital, meprobamate, phenylacetyl urea, hexamethonium and diphenhydramine showed the high effective co efficients. Atropine, thiamine and 2-amino-4-phenyl thiazole showed the relatively low effective coefficients. On the other hand, diethazine, atropine , hexamethonium, thiamine and 2-amino-4-phenyl thiazole did not inhibit nicotine-induced death more than 80% and phentolamine, tolazoline and scopolamine did not more than 40% either.
TEA showed no inhibition at all. Both TEA and diphenhydramine in doses of more than 50 mg/kg elicited the clonic convulsion. showed the inhibition against nicotine-induced tremor (Fig . 7) . The ED50s of all drugs employed for the inhibition against nicotine-induced tremor were high , and equivalent to the doses in which animals lost a righting reflex , as shown in Table 8 . (26) have reported that the tranquilizing action of reserpine is consider ably associated with the depletion of brain serotonin. In rabbits reserpine in dose of 1 mg/kg lowered brain serotonin level within a few hours after the intraperitoneal ad ministration and the recovery of serotonin level was not observed over 72 hours . In the present experiment, the results that reserpine showed the anticonvulsant and anti-lethal effects on nicotine-induced convulsions and death 18 to 42 hours after the injection of reserpine, at a time when it gives a minimal serotonin level , may suggest that the anti convulsant and anti-lethal action of reserpine to nicotine-induced convulsions and death would be related to the amount of serotonin in the brain . Little and Conrat (27) , Sacra and McColl (17) and Chen et al. (28) demonstrated that reserpine in the dose of 5 to 10 mg/kg accelerated the convulsions and death induced by nicotine and pentylenetetrazole , when reserpine was administered 3 to 6 hours before them . In the present experiment, the acceleration of nicotine-induced convulsions and death due to reserpine was also found 4 hours after the administration of reserpine. Therefore , it is considered, referring to the results of Brodie et al. (26) and Yamamoto et al. (29) , that the increase of the free amines released by reserpine may cause the potentiation of nicotine-induced convulsions and death. It is also considered that there may be a relationship between the protective effect of reserpine on nicotine-induced convulsions or death and the sedative effect of reserpine, though the protection of reserpine could not be explained only by the change of serotonin amount in the brain.
DISCUSSION
Strong protection against nicotine-induced death was observed in so-called tranqui lizer and antihistaminic drugs in this experiment. It can not be considered from the results obtained that there is a relationship between the protective action against nicotine induced death and the antihistaminic property, though the EDSDs of antihistaminic drugs employed in this experiment were higher than those of tranquilizers . The fact that the drugs belonging to tranquilizer, had a high effective coefficient may generally suggest that the mechanisms of the protective action against nicotine-induced death be related to that of tranquilizing state. Moreover, an interesting fact that only the drugs which were classified as tranquilizer group had the regression line for the protection against nicotine-induced death which was parallel to that of nicotine-induced death may also suggest some relationships in both mechanims of actions .
Gold and Brown (15) indicated that the clonic convulsion induced by nicotine ac celerated the mortality induced by nicotine , from the experiment on the inhibition action of barbital on nicotine-induced clonic convulsion and death . Blum and Zacks (30) , how ever, analyzed statistically the mechanism of clonic convulsion and death due to nicotine and demonstrated that mechanisms for both actions due to nicotione were quite different .
The results obtained in this experiment were also able to show two regression lines for both actions due to nicotine separately . It is, therefore, conclusively suggested that mecha For the protection from nicotine-induced death, the highest effective coefficient was found in some tranquilizers such as reserpine, perphenazine, chlorpromazine and dietha zinc.
For the protection from nicotine-induced tonic convulsion, the result obtained were almost similar to that for nicotine-induced death.
For the protection from nicotine-induced clonic convulsion, the effective coefficient of reserpine and perphenazine were the highest, those of phenylacetyl urea, phenobarbital were in next. Phentolamine, tolazoline and hexamethonium showed relatively higher effective coefficient than those for nicotine-induced death.
For the protection from nicotine-induced tremor, only the drugs such as perphena zinc, phenylacetyl urea, phenobarbital, meprobamate, chlorpromazine and ethopropazine were remarkable.
